Objectives: We used a prospective clinical trial to examine the risks conferred by metabolic syndrome (METS) and diabetes mellitus (DM) to recurrent strokes in the Secondary Prevention of Small Subcortical Strokes (SPS3) study cohort.
strokes account for approximately 25% of all ischemic strokes, and recurrence risk within 5 years has been reported to be as high as 20%, leading to progressive morbidity. 12, 13 We compared METS in nondiabetics vs DM as risk factors for recurrent cardiovascular and symptomatic cerebrovascular disease among participants with lacunar strokes from the Secondary Prevention of Small Subcortical Strokes (SPS3) trial. We hypothesized that both METS and DM contribute to the risk of recurrent stroke.
METHODS The institutional review board-approved SPS3 (NCT00059306) was a randomized, multicenter, clinical trial that enrolled 3,020 patients with symptomatic, MRI-confirmed lacunar strokes from 81 clinical centers in North America, Latin America, and Spain. 14 All patients with recent lacunar stroke (within 6 months) and without surgical ipsilateral carotid artery disease or cardioembolic source were randomized, in a 2-by-2 factorial design, to both an antiplatelet (AP) intervention and one of 2 target levels of systolic BP. 14 Baseline METS and DM status were determined using American Heart Association/National Heart, Lung, and Blood Institute 2 and World Health Organization guidelines, 15 respectively. Participants were stratified into 4 groups: METS only, DM only, both, or neither. Annualized event rates of strokes, cardiovascular events, and all-cause mortality were calculated; hazard ratios (HRs) were computed relative to the reference group of participants who had neither risk factor, controlling for significantly associated baseline characteristics.
METS was determined by the presence of $3 of the following: prediabetes with fasting blood glucose of 110 to 125 mg/dL; elevated BP ($130/$85 mm Hg) or history of hypertension with antihypertensive medication; increased triglyceride level ($150 mg/dL); reduced high-density lipoprotein level (,40 mg/dL in men and ,50 mg/dL in women); and abdominal obesity (waist circumference $88 cm in women and $102 cm in men). Of the 3,020 enrolled patients, 2,999 (99.3%) had sufficient data for assessment of METS status. Waist circumference data were not available for 1,654 (55%) of the 3,009 patients. Among these 1,654 participants, 1,243 (75%) met the definition for METS because of the presence of $3 other component risk factors. For 411 patients without waist circumference data and only 2 additional component risk factors, body mass index $30 kg/m 2 was used as a proxy for abdominal obesity. 16 DM was determined by fasting glucose $126 mg/dL, self-reported history of diabetes, or use of hypoglycemic therapy.
Participants who met criteria for METS but did not meet criteria for DM were categorized into the METS only group. Those who met criteria for DM but not METS were categorized into the DM only group. Participants with "both" concurrently fulfilled criteria for METS and DM. Those in the "neither" group did not meet criteria for either condition.
Covariates. Dyslipidemia was defined by self-report of dyslipidemia and/or treatment with lipid-lowering drug. Regular alcohol use was defined as $7 alcoholic drinks a week; patients with alcohol abuse by history were excluded from enrollment. Regular exercise was defined as exercise $3 times a week. Ischemic heart disease was defined as any confirmed history of myocardial infarction (MI), definite/atypical angina, or revascularization procedure. 17 White matter hyperintensities (WMH) were evaluated visually using the age-related white matter changes score by 4 independent readers who were blinded to clinical information. 18 Outcomes. Recurrent stroke was defined by the presence of a focal neurologic deficit persisting for more than 24 hours ascertained by clinical evaluation with supplemental noncontrast head CT or brain MRI. MI events were defined by ECG and cardiac enzyme criteria. 14 All events were adjudicated by a central committee.
Statistical analysis. Baseline characteristics of the study population were compared across the 4 groups (neither, DM only, METS only, and both) using x 2 tests of association for categorical variables and analysis of variance for continuous variables. Rates were computed for each group as the number of events divided by the total follow-up time for that group, and this was annualized. Cox proportional hazards models were used to determine the relative stroke rates using the "neither" group as reference in the adjusted models displayed as HRs. The proportional hazards assumption was examined in the model of the primary events. Outcomes examined included any recurrent strokes, lacunar strokes, hemorrhagic strokes, MIs, and all-cause mortality. Interactions between the 4-category METS/DM variable and each of the AP and BP arms were examined for the primary outcome.
RESULTS
Of the 3,020 participants enrolled at baseline, 2,999 (99%) had available data to determine METS and DM status. Hypertension was the most prevalent METS component observed in 90% of participants, followed by low high-density lipoprotein (56%), abdominal obesity (45%), and elevated triglycerides (44%), while prediabetes was relatively uncommon (12%).
Overall, 25% of the participants met criteria for METS. Only 6% met criteria for DM without METS. The presence of concurrent METS and DM was common with a prevalence of 32%. The remaining 37% participants ("neither" group) did not meet criteria for METS or DM (table 1) .
Study sample. The baseline characteristics across the 4 study groups are provided in table 1. We observed significant regional differences between Latin America, North America, and Spain such that participants from Spain had lower prevalence of traditional stroke risk factors with 41% of participants having neither DM nor METS. Active smokers were less likely than former or nonsmokers to have concurrent DM and METS and were more likely to have neither condition. Participants with regular alcohol intake ($7 drinks/wk) were also more likely to have neither risk factor (55%) compared to the study average (37%). Those with DM and METS were more likely to report a history of ischemic heart disease compared with other participants.
Baseline lacunar infarct characteristics. Pure motor lacunar stroke was the single most common clinical syndrome in 33% (989/2,997) followed by sensorimotor stroke in 31% (927/2,997); the remaining 36% (1,081/2,997) of participants had clinical stroke syndromes such as ataxic hemiparesis, dysarthria/ clumsy-hand syndrome, and hemiballismus (table 2). A significant number of patients had multiple lacunar infarcts noted on MRI at enrollment (39%). Twenty-five percent of participants in the "neither" group had severe WMH compared with only 19% of participants with both DM and METS (table 2) .
Over a median of 3.8 years of follow-up, there were 274 recurrent strokes, of which 240 were ischemic and 34 were hemorrhagic (figure). Of the 240 ischemic strokes, 134 (56%) were lacunar. Participants with concurrent DM and METS had significantly higher annual rate of any recurrent stroke (all strokes, including ischemic and hemorrhagic, HR 1.7, 95% confidence interval [CI] 1.3-2.3) and lacunar stroke (HR 2.4, 95% CI 1.5-3.7) relative to those with neither. We did not observe an association with hemorrhagic stroke for any of the groups. METS alone did not confer a significantly increased risk of incident MI although participants with DM only or DM with concurrent METS did have increased annual event rates (HR 2.8, 95% CI 1.1-7.0 and HR 2.6, 95% CI 1.4-4.5, respectively). A similar result was found for all-cause death with DM (alone or with METS) showing an increased risk (HR 2.7, 95% CI 1.7-4.4, and HR 1.6, 95% CI 1.2-2.4, respectively). There were no differences in terms of single vs dual AP therapy (table e-1 on the Neurology ® Web site at Neurology.org) or BP target (table e-2) regarding stroke or MI risk reduction in any of the DM/METS groups. DISCUSSION The SPS3 study comprised patients with recent, MRI-proven lacunar stroke, all of whom were managed with AP and BP therapy. With combined medical therapy, participants with METS only had less risk of stroke recurrence compared with those who had METS and DM. Participants with DM (with or without METS) were also more likely to have incident MI.
Lacunar strokes comprise approximately onequarter 9 of all ischemic strokes. Without medical intervention, they are characterized by a high rate of recurrence leading to increasing disability. 12 The SPS3 study is the largest study of lacunar stroke patients within a multiethnic and international population of more than 3,000 participants. It is distinctive as it defines the presence of suspected recent lacunar stroke via requisite MRI rather than relying solely on clinical criteria, which are less specific. 19 The large study size and the rigor in identifying and enrolling patients have allowed us to gain important insights into the underlying risk factors and effectiveness of treatment in patients with lacunar strokes.
METS and DM were found to be frequent comorbid conditions in those with lacunar strokes. In this cohort, 37% had neither DM nor METS, and 32% had both (DM and METS). Although a significant number of patients had METS only (25%), it was quite rare (6%) for participants to have DM in the absence of METS; this matches our observation that those with METS are at high risk of developing DM and that DM is less likely to occur in the absence of associated risk factors.
The overall rate of symptomatic recurrent stroke (ischemic and hemorrhagic) in this cohort was 8%, which was considerably lower than prior epidemiologybased studies of lacunar disease with reported recurrence rates of nearly 20%. 12, 13 The low recurrence rate seen in the SPS3 trial was similar to results from other randomized controlled trials assessing the efficacy of secondary prevention, 20, 21 providing strong evidence that appropriate medical therapy can lower the overall risk of lacunar stroke recurrence.
The risk of any recurrent stroke and specifically, lacunar stroke, for patients with either METS or DM was not significantly higher than in those with neither condition. Patients with concurrent DM and METS had a higher rate of recurrent strokes (both lacunar and any ischemic stroke) despite undergoing similar medical treatment. DM alone showed a trend suggestive of increased risk of recurrent lacunar stroke but did not reach statistical significance, which may be attributable to small sample size as DM rarely occurred alone, and almost always occurred in conjunction with METS. The physiology underlying the increased risk of recurrent ischemic stroke in diabetics with METS may be attributable to the increased prevalence of intracranial stenosis in this population, 22 which we were not able to examine in this study.
The relationship between METS and DM regarding incident MI differed from that for incident stroke. For those with METS only, the rate of MI was not significantly different from the "neither" group (HR 1.9, 95% CI 0.94-3.8); however, for those with DM, whether with METS (HR 2.6, 95% CI 1.4-4.9) or without (HR 2.8, 95% CI 1.1-7.0), the risk of MI was significantly higher. DM has been linked to a higher burden of underlying coronary artery disease 23,24 and a chronic prothrombotic state 25 that Table 2 Lacunar stroke characteristics at enrollment by METS and DM status may be the underlying reason for the increased risk of MI in diabetics.
In the SPS3 population, the risk of recurrent lacunar stroke for participants with METS appears to be reduced by combined AP therapy and BP control. Medical therapy seemed less effective for MI and recurrent stroke prevention in those with concurrent METS and DM. Neither dual AP nor lower BP target provided additional benefit in stroke or MI risk reduction in any of the groups (tables e-1 and e-2).
Although SPS3 represents an ideal patient population in which to examine underlying pathophysiology of lacunar strokes, there may be some limitations to the generalizability of the data to the entire ischemic stroke population. Patients with multiple stroke subtypes, such as those with cortical or large subcortical strokes, or ipsilateral carotid disease were excluded from the study. This selection bias may be the underlying reason why active smokers (table 1) were less likely than former/nonsmokers to have concurrent DM and METS and why those with neither risk factor had more severe WMH than those with concurrent DM and METS (table 2) . There was also a relative lack of ethnically Asian participants (1.4% of total enrolled), which may limit applicability to this population, particularly since Asians tend to have differences in stroke risk factors compared with other ethnicities. 26, 27 In addition, this is a post hoc analysis of a randomized controlled trial, and as such, there may be residual confounding in the relationships between METS, DM, and recurrent events. Nevertheless, the results from our study suggest that it would be important for clinicians to identify patients at high risk of developing DM (such as those with METS). Initiating preventive strategies may prove to be an effective measure to stroke and MI prevention in patients with METS who are at risk of developing DM. These strategies need to be examined in further clinical trials.
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